Single-strain cultures of Pseudomonas fragi, P. fluorescens, P. putrefaciens, and strains of two marine species, Pseudomonas type I and Pseudomonas type II, were found to be capable of reducing added acetaldehyde, proprionaldehyde, and butyraldehyde to the corresponding alcohols at 21 C. All species studied reduced propionaldehyde at 6 C. P. fragi (6) showed that lipolytic bacteria of the Pseudomonas-Achromobacter groups are common in dairy products. The lipolytic activity of various Pseudomonas species has been extensively investigated (1, 2, 7, 9). Pereira and Morgan (12) identified isovalerate and acetate esters in milk cultures of P. fragi. These workers attributed development of a fruity aroma defect in various dairy products to the formation of these simple esters.
Pseudomonas species are implicated in the spoilage of many foods. Spoilage by these organisms can occur in a variety of ways. Many species of this genus are known to be proteolytic. The early work of Collins and Hammer (6) showed that lipolytic bacteria of the Pseudomonas-Achromobacter groups are common in dairy products. The lipolytic activity of various Pseudomonas species has been extensively investigated (1, 2, 7, 9) . Pereira and Morgan (12) identified isovalerate and acetate esters in milk cultures of P. fragi. These workers attributed development of a fruity aroma defect in various dairy products to the formation of these simple esters.
Recently, Payne and co-workers (11, 14) found that a particular Pseudomonas species was capable of growing on and metabolizing several evenand odd-carbon chain length alcohols. These workers observed constitutive alcohol dehydrogenase activity in cell-free extracts with 6-, 8-, and 10-carbon linear primary alcohols. In addition, a dehydrogenase active with the 12-carbon linear primary alcohol could be induced by growth on sodium dodecyl sulfate. Seitz et al. (13) Reduction of carboniyls. Ability of these singlestrain cultures to reduce carbonyls to the corresponding alcohols was evaluated by adding 1.0 ml of a sterile carbonyl solution, prepared as described previously (5), to 19.0 ml of the sterile nonfat milk to yield a final concentration of 100 ppm of carbonyl in the resulting medium. After inoculation with 2% of the respective stock culture, cultures were incubated at 21 C for 48 hr. Carbonyls used in this study were acetaldehyde, propionaldehyde, butyraldehyde, acetone, and butanone. All were gas-liquid chromatographically pure in the concentrations used under the conditions of analysis.
At the end of the incubation period, cultures were analyzed for alcohol content by the on-column trapping, gas-liquid chromatographic (GLC) technique developed by Morgan and Day (8) . Briefly, the analysis consisted of adding 4 80 -to 100-mesh Celite 545 was employed. The column temperature was controlled at 50 C to determine reduction of acetone, at 60 C to evaluate reduction of acetaldehyde, propionaldehyde, and butanone, and at 80 C to determine butyraldehyde reduction. To estimate the amount of alcohol produced, recorder response (peak height) was related to alcohol concentration as described previously (4) .
Based on results at 21 C, cultures were incubated individually with 100 ppm propionaldehyde or butanone at 6 C for 7 days and then analyzed for alcohol content. To determine whether carbonyl reduction parallels the increase of cell numbers, P. fragi 4973 was incubated with 100 ppm of propionaldehyde at 21 C in milk medium. The volume of the medium was 400 ml, and incubation was carried out in a 2-liter Erlenmeyer flask to provide a large surface area and improve the aerobic environment required for optimal growth. Samples were withdrawn at various intervals during incubation, plated to determine cell numbers, and analyzed for propionaldehyde and n-propanol content. All cell counts reported herein were made by plating dilutions of cultures in standard Plate Count Agar (Difco).
RESULTS AND DIscussIoN
The extent of carbonyl reduction at 21 C by the species studied is shown in Table 1 In all cases, each of the three homologous aldehydes was reduced to some extent. With the exception of Pseudomonas type I 153, propionaldehyde was always reduced in greater quantities than was acetaldehyde. With the exception of P. putrefaciens T-6, butyraldehyde was always reduced to a lesser extent than propionaldehyde. Plate counts on controls at the initiation and at the end of the 48-hr incubation period revealed few parallels between cell numbers and dehydrogenase activity.
To determine whether the dehydrogenase activity was functional under refrigeration conditions, each of the cultures was incubated separately with 100 ppm of propionaldehyde or butanone at 6 C for 7 days. Results (Table 2) indicate that all of these organisms are capable of reducing propionaldehyde under the above conditions. In addition to P. fragi and the marine The reduction of propionaldehyde to n-propanol was essentially quantitative, however, in the 48 hr at 21 C study involving P. fragi 4973 (Fig.  1) . Propionaldehyde reduction was slow during the first few hours of incubation, after which the concentration of this compound decreased rapidly. Propionaldehyde was reduced to levels below 1 ppm in 36 hr. Under these incubation conditions, which were highly aerobic, the conversion to n-propanol was essentially quantitative.
The role of carbonyl reduction in the metabolism of Pseudomonas species is not known. It is possible that certain carbonyls are toxic to the Pseudomonas species studied. However, preliminary investigations did not reveal evidence for a toxic effect.
The dehydrogenase activity displayed by the organisms studied is great enough to play a role in the deterioration of food flavor during storage. This, coupled with the previous demonstration of diacetyl reductase activity of Pseudomonas species suggests that reduction of carbonyls to their corresponding less volatile alcohols is an additional role played by these organisms in food spoilage (13) . In addition, this dehydrogenase activity is significant in that it can provide a readily available source of alcohol for ester formation by P. fragi. ACKNOWLEDGMENTS This investigation was supported by funds granted by the Nutrition Foundation, Inc., and by a National Aeronautics and Space Administration Fellowship to the senior author.
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